The observed Higgs boson mass poses a new puzzle in addition to the longstanding problem of the origin of the electroweak scale; the shallowness of the Higgs potential. The Higgs quartic coupling even seems to vanish at around the Planck scale within the uncertainties of the top quark mass and the strong gauge coupling. We show that the shallowness of the Higgs potential might be an outcome of supersymmetry breaking at around the Planck scale. There, the electroweak fine-tuning in the Higgs quadratic terms leads to an almost vanishing quartic coupling at around the Planck scale.
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With the discovery of the Higgs boson at the LHC experiments [1, 2] , the investigation of the detailed structure of the Higgs sector has just started. Among other things, the measured Higgs boson mass, m h = 125.9 ± 0.4 GeV [3] , seems to pose a new puzzle in addition to the longstanding problem of the origin of the electroweak scale; why the Higgs potential is so shallow. In fact, the extrapolated Higgs quartic coupling seems to vanish at around the Planck scale within the uncertainties of the top quark mass and the strong gauge coupling if we assume that there are no new physics below the Planck scale [4] [5] [6] [7] .
So far, a lot of attempts to provide such a boundary condition of the flat Higgs potential at around the Planck scale have been discussed based on, such as the asymptotic safety [8] , or the multiple point criticality principle [9] (for recent works, see e.g. Ref. [10] [11] [12] [13] ). In this letter, we propose a new possibility where the almost vanishing quartic Higgs coupling at the Planck scale is an outcome of supersymmetry breaking at around the Planck scale. As we will show, the electroweak finetuning in the Higgs mass parameters automatically leads to an almost vanishing quartic coupling either when the supersymmetry breaking sector is weakly coupled to the Higgs sector, or when the soft squared masses of the two Higgs doublets are close with each other.
Fine-tuning in the Higgs quadratic terms
To explain how the quartic coupling constant is determined at around the Planck scale, M PL , let us take the simplest Higgs sector as an example, where the Kähler and the superpotential are given by
Here, c denotes a dimensionless constant of O(1), and Λ SUSY and m 3/2 are the supersymmetry breaking scale and the gravitino mass, respectively. The supersymmetry breaking field Z obtains an F -term vacuum expectation value, F z = −Λ 2 SUSY , and the flat universe condition gives Λ
We assume that the supersymmetry breaking scale is at around the Planck scale and higher dimensional operators which couple supersymmetry breaking field and the Higgs doublets are somehow suppressed.
With these potentials, the Higgs mass terms are given by,
where µ H and b are given by,
Hereafter, we take b to be real and positive by redefining the phases of H u and H d appropriately. The higher dimensional operators which couple the Higgs doublets to the supersymmetry breaking field such as,
lead to additional contributions to the Higgs mass parameters. In the followings, we assume that the coefficients are rather suppressed, i.e. For successful electroweak symmetry breaking, we need fine-tuning so that one of the linear combinations of the two Higgs doublets, h = sin βH u − cos βH † d , remains very light with a mass much smaller than the Planck scale. In terms of the Higgs mass parameters, this requires
which leads to b m
. Therefore, by remembering that the Higgs mixing angle is determined by tan 2β 2b
we find that the electroweak fine-tuning predicts
and hence, tan β 1 ,
for almost universal Higgs doublet masses,m 
Here, ∆ Hu,H d ,b denote the radiative corrections to the mass parameters. 2 The fine-tuning condition for the light Higgs boson is imposed only after the radiative corrections to the mass parameters of all orders are included. Those corrections are, however, expected to be at most about a 10% compared to the tree-level mass parameters since the Standard Model interactions are rather suppressed at around the Planck scale (e.g. the top Yukawa coupling is y t 0.4 at around the Planck scale). Therefore, the prediction of tan β 1 at the tree level is not significantly affected by the radiative corrections.
In Fig. 1 , we show the predicted value of tan β as a function the fine-tuned mass parameter of the light Higgs boson;
2 In terms of the Kähler potential, the radiative corrections to the Higgs parameters leads to
where δ's are expected to be small. Here, we redefined the mass parameters in the right hand side so that they include the radiative corrections. In the figure, we variedm
by 10% (blue band) and 20% (light blue band) to explore how the non-universality as well as the radiative corrections change the prediction. The figure shows that form h M PL , the predicted value of tan β immediately converges to tan β 1. The figure also shows that the prediction is not significantly affected even whenm 
where mt denotes the typical mass of the top squarks. These corrections are, however, not significant and lead to only a few percent changes to the Higgs mass parameters,m
, as long as m 3/2 M PL and mt m 3/2 . Let us emphasize that the prediction of tan β 1 is not altered as long asm , and hence, the prediction does not rely on the particular model defined in Eqs. (1) and (2) . Therefore, in a class of models withm
, the electroweak fine-tuning predicts tan β 1 when supersymmetry is broken at around the Planck scale.
boson h and its scalar potential is given by,
where v 174.1 GeV is achieved as a result of the finetuning of the quadratic terms as discussed above. As a notable feature of the supersymmetric standard model, the Higgs quartic coupling λ is given by the SU (2) L × U (1) Y gauge coupling constants,
at the tree-level. Thus, the prediction of tan β 1 from the electroweak fine-tuning results in the almost vanishing quartic coupling. At the higher loop-level, the Higgs quartic coupling receives threshold corrections from the top squarks, ∆λ 6y
where [15] [16] [17] . This contribution is, however, suppressed due to a small top Yukawa coupling at the Planck scale, y t 0.4. The Higgs quartic coupling also gets contributions from higher dimensional operators which connect the supersymmetry breaking fields and the Higgs sector. For example, higher dimensional operators
lead to additional contributions to the quartic coupling,
These contributions are suppressed either when the supersymmetry breaking sector is slightly separated from the Higgs sector, i.e. c 1, or when the supersymmetry breaking scale is somewhat smaller than the Planck scale. 4 It should be noted that the later possibility, e.g. Λ SUSY 10 17 GeV, does not affect the prediction of tan β 1.
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In Fig. 2 , we show the predicted quartic coupling at the Planck scale. In our analysis, we assumed that X ranges between 0 to 10, in which ∆λ becomes maximal 4 For a related discussion, see also Ref. [15, 18] . 5 The predicted value of tan β is significantly deviated from 1 for a much lower supersymmetry breaking scale, figure, we also show the Higgs quartic coupling extrapolated from the electroweak scale assuming that there is no new physics below the Planck scale [6] . The figure shows that the predicted quartic coupling is vanishingly small once the electroweak fine-tuning is required. Therefore, we find that the electroweak fine-tuning leads to a shallow Higgs potential in a class of models withm 
Discussions
We have shown that the almost vanishing Higgs quartic coupling is predicted form Since the predicted quartic coupling is almost vanishing but is positive valued in most parameter space, the future precise measurements of the Higgs mass parameters as well as the top Yukawa coupling and the strong coupling constants provide an important test of this mechanism. At the ILC, for example, the Higgs mass can be
